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Claims 

1 . A living body component measuring method, characterized by the fact that, during the 
measurement of a living body component by using a living body component measuring reagent 
containing a cyclodextrin as a dissolution auxiliary agent of a poorly soluble substance in water 
or as a stabilizing agent of an unstable substance, a nonionic surfactant is allowed to coexist in 
the measuring system. 
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2, The living body component measuring method described in Claim 1, in which 
a-cyclodextrin or a derivative of a-cyclodextrin is used as the cyclodextrin and a surfactant 
having a straight-chain alkyl [group] in the hydrophobic group portion is used as the surfactant. 

3, The living body component measuring method described in Claim 1, in which 
p-cyclodextrin or a derivative of p-cyclodextrin is used as the cyclodextrin and a surfactant 
having an alkylphenyl group in the hydrophobic group portion is used as the surfactant. 

4, A living body component measuring reagent kit constituted by at least reagents of the 
following two groups, (A) and (B): 

(A) A reagent containing a cyclodextrin as a dissolution auxiliary agent of a poorly 
soluble substance in water or as a stabilizing agent of an unstable substance, and 

(B) A reagent containing a nonionic type surfactant. 

5, The living body component measuring reagent kit described in Claim 4, in which 
a-cyclodextrin or a derivative of a-cyclodextrin is used as the cyclodextrin and a surfactant 
having a straight-chain alkyl in the hydrophobic group portion is used as the surfactant, 

6, The living body component measuring reagent kit described in Claim 4, in which 
[3-cyelodextrin or a derivative of P-cyclodextrin is used as the cyclodextrin and a surfactant 
having an alkylphenyl group in the hydrophobic group portion is used as the surfactant. 



Detailed explanation of the invention 
[0001] 

Industrial application field 

The present invention relates to a living body component measuring method and a living 
body component measuring reagent kit. More specifically, it relates to a living body component 
measuring method and a living body component measuring reagent kit such that, during the 
measurement of a living body component by using a reagent utilizing a cyclodextrin (to be called 
CD hereafter) as a dissolution auxiliary agent of a poorly soluble substance in water or as a 
stabilizing agent of an unstable substance, by allowing a nonionic surfactant to coexist in the 
measuring system, the separation of the previously mentioned poorly soluble substance in water 
or the unstable substance into the aqueous solution is promoted. 

[0002] 

Prior art and problems to be solved by the invention 

In general, it is required that an enzymatic reaction substrate, a coenzyme, an inhibitor, a 
coloring matter and other color- forming substances, a preservative and other poorly soluble 
substances in water or unstable substances are uniformly dissolved (contained) in a water-based 
living body component measuring reagent using an enzymatic reaction or other biochemical 
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measurements. A variety of attempts have been made to dissolve these poorly soluble substances 
in water or unstable substances to high concentrations, However, there has been no flawless 
method obtained. Therefore, they cannot be utilized yet as living body component measuring 
reagents, or substances not commonly used are also present. Furthermore, these poorly soluble 
substances in water can be solubilized by a skillful method during the preparation of a 
conventional living body component-measuring reagent, However, temporal crystallization, 
deposition, hydrolysis, oxidation or the like occurs easily, Once crystallization or deposition 
occurs, it will lead to a decrease in the concentration of said substance. The function as a living 
body component-measuring reagent with a high accuracy will be lost and its value will 
disappear. 

[0003] 

As one of the powerful methods for the dissolution of such a poorly soluble substance in 
a living body component measuring reagent or for the prevention of the temporal crystallization, 
deposition or the like, conventionally, a method allowing the coexistence of the poorly soluble 
substance in water and CD (or a CD derivative) or containing it as its clathrate compound has 
been published (Japanese Kokai Patent Application Nos. She 57[1982]-74099, 
Sho 60[1985]460896, Sho 61[1986]-260900, Sho 63[1988]-129999 and Sho 63[1988]-144717). 

[0004] 

Among these methods, the solubility of the CD itself is too low and the poorly soluble 
substance cannot be dissolved in a high concentration in practice, or the CD derivative is 
markedly too expensive and is impractical. The following common disadvantages exist: 

(1) Since the substance introduced into the measuring system to improve the solubility by 
using the CD and the CD derivative is clathrated by the CD, it is not entirely in a free state. In 
the state in which the substance has to be reacted, the expected sufficient activity is not 
exhibited. In other words, even if said poorly soluble or unstable substance is contained to a 
sufficient concentration as the calculated amount in the measuring system by the solubilizing 
effect of the CD, the effective concentration is, in fact, decreased by the clathration effect of the 
CD and is insufficient. 

(2) It has been known conventionally that, when a CD is used in order to increase the 
solubility of a coloring matter, there are cases in which the hue is changed (the absorption 
spectrum is shifted). There are many cases in which this also occurs owing to the fact that it is 
difficult to achieve a free state since the coloring matter introduced into the measuring system is 
clathrated by the CD. This hue change is often undesirable in the measuring operation in the case 
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of using a clinical inspection reagent or a common analytical reagent. This has been a problem 
which needs to be solved for the reagent utilizing the CD, 

[0005] 

The present inventor has published a living body component measuring method and a 
living body component measuring reagent kit such that a fatty acid is allowed to coexist in the 
measuring system and the separation of said poorly soluble or unstable substance (guest) from 
the CD is promoted, in Japanese Kokai Patent Application No. Hei 2[1990]-203797. In the case 
of using a fatty acid in such a manner, the molecular weight is relatively small in the reaction 
system under alkaline conditions, a reagent of a sufficient molar concentration can be prepared 
and the desired effect can be exhibited sufficiently. However, under acidic conditions, the 
solubility of the fatty acid itself in the reaction system is decreased markedly. There has been 
room for improvement in the separation-promoting substance for the guest. 

[0006] 

Here, as a result of further zealous investigations on the separation-promoting substance 
of the guest, the present inventor has discovered that a nonionic surfactant is a substance 
appropriate for this objective. In other words, it has been found that, if a nonionic surfactant is 
allowed to coexist in the final reaction system* this can be utilized as an effective 
separation-promoting substance of the guest in a reaction system (the reagent) in a wide pH 
range irrespective of acidity or alkalinity. 

[0007] 

Means to solve the problems 

The present invention is to be constituted by the following claims (1) - (6). 

(1) A living body component measuring method, characterized by the fact that, during the 
measurement of a living body component by using a living body component measuring reagent 
containing a cyclodextrin as a dissolution auxiliary agent of a poorly soluble substance in water 
or as a stabilizing agent of an unstable substance, a nonionic surfactant is allowed to coexist in 
the measuring system. 

(2) The living body component measuring method described in (1), in which 
a-cyclodextrin or a derivative of a-cyclodextrin is used as the cyclodextrin and a surfactant 
having a straight-chain alkyl in the hydrophobic group portion is used as the surfactant. 

(3) The living body component measuring method described in (1), in which 
p-cyclodextrin or a derivative of p-cyclodextrin is used as the cyclodextrin and a surfactant 
having an alkylphenyl group in the hydrophobic group portion is used as the surfactant. 
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(4) A living body component measuring reagent kit constituted by at least reagents of the 
following two groups, (A) and (B): 

(A) A reagent containing a cyclodextrin as a dissolution auxiliary agent of a poorly 
soluble substance in water or as a stabilizing agent of an unstable substance, and 

(B) A reagent containing a nonionic type surfactant. 

(5) The living body component measuring reagent kit described in (4), in which 
a-cyclodextrin or a derivative of a-cyclodextrin is used as the cyclodextrin and a surfactant 
having a straight-chain alkyl in the hydrophobic group portion is used as the surfactant, 

(6) The living body component measuring reagent kit described in (4), in which 
p-cyclodextrin or a derivative of p-cyclodextrin is used as the cyclodextrin and a surfactant 
having an alkylphenyl group in the hydrophobic group portion is used as the surfactant. 

[0008] 

In the present invention, when a poorly soluble substance in water or an unstable 
substance is to be allowed to exist in a stable manner as an aqueous solution at a high 
concentration, a desired reagent concentration is rendered by using a CD or a CD derivative, a 
nonionic surfactant is allowed to coexist in the final measuring system or reaction system, the 
guest molecules forming a clathrate by the CD and the nonionic surfactant molecules are 
subjected to a substitution reaction, the effect rendered to the guest from the CD, such as the 
adverse effect of the hue change or the like, is eliminated, and the active concentration of the 
guest (the original acting substance) is increased. A more effective measuring system or reaction 
system can be achieved by combination of the reagents. 

[0009] 

In the present invention, the poorly soluble substances in water or unstable substances 
refer to organic compounds of relatively low molecules described in (I) - (VI) in the following. 
In particular, during the use of tyrosine, tryptophan, adenosine, xanthine, and urea as poorly 
soluble, unstable enzyme substrates, the present invention is extremely appropriate. Furthermore, 
in reaction systems characterized by the fact that a variety of derivatives of nitroaniline and 
nitrophenols are to be detected, the constitution of the present invention is also extremely 
appropriate. 

(I) Substrates of enzymatic reactions 

(A) Phenylalanine, tyrosine, tryptophan and other poorly soluble amino acids 

(B) Adenine, guanine, thymine, cytosine, uracil, hypoxanthine, xanthine, uric acid, 
inosine or other nucleic acid bases or their metabolism products poorly soluble in water 
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(C) Thyroxine, adrenalin, noradrenaline catecholamine, melatonin or other 
low-molecular, poorly soluble hormones 

(D) Testosterone, aldosterone, corticosterone, progesterone, estriol or other steroid type 
hormones 

(II) Coenzymes (vitamins): Nicotinamide adenine dinucleotide, flavin adenine dinucleotide or 
other nucleotide type coenzymes, pyridoxal phosphate, biotin, folic acid, lipoic acid, retinal, 
carotene, a-tocopherol, vitamin K3, ubiquinone, vitamin D and other non-nucleotide type 
coenzymes 

(III) Coloring matters: 

(A) Phenol, hydroquinone, catechol, pyrogallol, vanillin and their derivatives 

(B) Acid anilide derivatives of nitroaniline or chloronitroaniline, ester bonding 
derivatives or ether bonding derivatives of nitrophenol or chloronitrophenol 

(C) Phenolphthalein, acridine, phenazine, fluorescein, rhodamine, naphthalene, pyrene, 
anthracene, umbelliferone, coumarin derivatives and hapten labels them 

(IV) Inhibiting agents: Dicumarol, warfarin, thiouracil, 2,4-dinitrophenol, colchicine 
[transliteration], mercuric p-chlorobenzoate or other enzymes or metabolism inhibitors 

(V) Preservatives and antibiotics: Thymol and chloramphenicol 

(VI) Others: 

(A) o-Phenanthroline, 2,2-dipyridyl, bathocuproin and other chelating agents 

(B) Triglyceride, cholesterol or other lipids 

[0010] 

In the present invention, the CDs refer to a-, p-, y-CD and other unmodified CDs, 
maltosylated a- and (J-CD, glucosylated a- and p-CD and other so-called branched CD 
derivatives, hydroxypropyl-CD and other CD derivatives with the introduction of side chains in 
order to improve water solubility. 

[0011] 

The surfactant for use in the present invention refers to a substance having a structure 
such that basically its hydrophilic group is constituted by nonionic polyoxyethylene, sorbitol or 
other saccharide alcohols or their derivatives or the like, its hydrophobic group is an alkyl group 
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with 4 or more carbon atoms or an alkylphenyl group, and the two residual groups have a 
covalent bonding with an ether bond or an ester bond (or a phosphoric acid ester bond via 
phosphoric acid for the two residual groups). In the case of using a-CD or its derivatives as the 
CD, a nonionic surfactant (for example, a Brij series) with the hydrophobic group portion being a 
straight-chain alkyl group is selected alone or in combination. In the case of using (3-CD or its 
derivatives as the CD, a nonionic surfactant with the hydrophobic group portion being an alkyl 
group and preferably an alkylphenyl group (for example, a Triton-X series) is selected alone or 
in combination. Furthermore, multiple nonionic surfactants can also be used. Moreover, the 
concentration of the coexisting nonionic surfactant, in particular, the molecular concentration of 
the hydrophobic group portion, is sufficient at an amount to achieve effectiveness, However, 
since it is necessary to replace the nonionic surfactant molecules with the guest molecules 
clathrated in the CD, it is practical that they are at least larger than the guest molar concentration. 
Furthermore, if the hydrophobic group portion of the nonionic surfactant be added to an extent 
above the molar concentration of the CD added, virtually all guest molecules in the reaction 
system can be freed and this is preferable in many cases. It is desirable that the addition 
concentration of the nonionic surfactant is increased at least in comparison to the side showing a 
smaller molar concentration among the concentration of the CD and the concentration of the 
guest molecules. 

[0012] 

The present invention will be explained in the following manner by using the case of a 
measuring system for the activity of y-glutamyl transferase (EC 2.3.2,2, to be called GT 
hereafter) as a biochemical analytical item. It is known that the Km (Michaelis-Menten constant) 
with respect to the substrate for the enzymatically active y-glutamyl transferase (y-GTP) using 
y-L-glutamyl-p-nitroanilide (y-GpNA) as the substrate is about 1 mM. In order to measure the 
y-GTP activity with high accuracy from the value of this Km, it is necessary that the 
concentration of the substrate contained in the reagent be more than a few mM. At a pH other 
than pH 4-5, the solubility can be increased relatively. However, since the hydrolysis rate is 
increased, it is impossible to preserve this as a reagent at a pH other than that mentioned 
previously, At a pH from 4 to the vicinity of neutrality, the solubility of y-GpNA is the minimum 
and only less than 2 mM (4°C) can be dissolved. In the preparation of a reagent for practical use 
and preservation at a low temperature, it is necessary to add the CD (in this case, for example, 
maltosylated CD with an increase in the solubility itself) to increase the solubility. However, 
when the substrate solution with the addition of the CD mentioned previously is used, there are 
following disadvantages: (1) Enzymatic activity is lower than what is expected. This is caused by 
a phenomenon in which the substrate cannot be deprived from the CD clathrate because the 
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affinity between the enzyme (GT) and the substrate as a problem in the characteristics of the 
enzyme itself for which the activity is to be determined, and a substrate of an essentially high 
concentration is not rendered in the enzymatic reaction system in spite of the fact that a substrate 
at a concentration sufficient in calculation is supplied. This phenomenon shows, as a paradox in 
the practical system, that the enzyme with a large Michaelis constant and its substrate are to be 
dissolved as an aqueous solution at a high concentration by the CD because the substrate is 
poorly soluble, (2) In particular, when a-CD or its derivative is contained in the CD composition, 
the absorbance of the reagent blank is increased markedly. This is caused by the increase in the 
absorbance of the reagent blank of the reaction system containing a large amount of the 
substrate, that is, the coloring matter derivative in spite of an improvement in the sensitivity of 
measurement owing to the occurrence of the spectral shift in the red direction due to the fact that 
the coloring matter molecules having nitro groups and having benzene rings or their derivatives 
are clathrated by the CD. This is especially pronounced in the case of the addition of the CD 
containing a-CD or its derivative into the reagent, Here, by allowing the coexistence of the 
nonionic surfactant in the reaction system and readily freeing y-GpNA from the CD, the 
problems described previously can all be solved and a measurement of an extremely high 
accuracy is made possible. 

[0013] 
Operation 

In the present invention, when a poorly soluble substance in water or an unstable 
substance is allowed to exist in a stable manner as an aqueous solution at a high concentration, 
the CD or its derivative is used to render a desired reagent composition, hi the final measuring 
system, a nonionic type surfactant is allowed to coexist to conduct the substitution reaction with 
the guest. The effects received by the guest from the CD, for example, the hue change or other 
adverse effects, are eliminated. At the same time, the effective concentration of the guest is 
increased. 

[0014] 

Application Example 1 

<Effects of the surfactants with respect to the CD derivatives>* 

In order to confirm the effects of a variety of surfactants with respect to the CD 

derivatives, the following reagents 1 and 2 were prepared. At the same time, the activity values 

of the y-GTP were determined. 

Reagent 1 : In a lOOmM trishydrochloric acid buffer solution containing 80 mM glycyl 

glycine, the nonionic surfactants described in (l)-(7) in the following were all added at 25 mM. 
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A total of nine types (to be denoted hereafter as Rl-=, Rl-(l) and so on) having the pH adjusted 
to 8.3 and containing surfactants were prepared. 

(1) Sodium caprylate 

(2) Bri 35 (polyoxyethylene-n-alkyl ether) 

(3) Tween 20 (polyoxyethylene sorbitan monolaurate) 

(4) Polyoxyethylene (n = 15) nonyl phenyl ether 

(5) Polyoxyethylene (n = 20) nonyl phenyl ether 

(6) Triton-XlOO: Polyoxyethylene (n ~ 10)-p-t-octylphenol 

(7) Triton-X405; Polyoxyethylene (n ~ 40)-p-t-octylphenol 

Reagent 2: (1) A substrate solution (to be denoted as R2-(l) hereafter) containing 80 mM 
glucosyl-a-CD (G-a-CD) and 20 mM y-L-glutamyl-p-nitroanilide (y-GpNA) hydrochloride, and 
(2) a substrate solution (to be denoted as R2-(2) hereafter) containing 80 mM glucosyl-p-CD 
(G-p-CD) and 20 mM y-L-glutamyl-p-nitroanilide (y-GpNA) hydrochloride 

* Operation: 25 (aL of the commercially available serum (a substance with the y-GTP 
activity value of 47 IU/L by the standard method) and 1000 |iL of each of Rl-= to Rl-(7) were 
mixed. After heating at 37°C for 5 min, 250 \iL of R2-(l) or R2-(2) were added to initiate the 
reaction, The absorbance change at the wavelength of 405 nm after the reaction initiation was 
measured, From the molecular absorbance coefficient of p-nitroanilide of the reaction product 
determined beforehand, the y-GTP activity value in the serum in each of the reagent was 
determined. 

[0015] 

* The measured results are shown in Table 1 (at the end of the document), The ratio in 
the table represents the ratio with respect to the standard method (the activity value of the present 
method/47 IU). Furthermore, the figure inside the parentheses of the activity value column 
represents its ratio when the activity value was 100 for no addition. 

[0016] 

According to the results in Table 1 , in the case of using the a body as the CD, the 
material using the substance having a straight-chain alkyl in the hydrophobic group portion as a 
nonionic surfactant is especially appropriate. Furthermore, it has been found that, in the case of 
using the p body as the CD, the material using the substance having an alkylphenyl group in the 
hydrophobic group portion is especially excellent. These results were the same as the results 
obtained by measurements using maltosylated a-CD and maltosylated p-CD* 
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[0017] 

A pplication Example 2 

<Investigations on amounts of addition of surfactants> * 
The following reagents (R) were prepared. 

Rl-A.: This was obtained by the addition of Brij 35 (a straight-chain alkyl type) to 
lOOmM trishydrochloric acid buffer solution (pH 8.3) containing 80 mM glycyl glycine so that 
the concentrations were 0, 5, 10, 15, 20, 25, 30 and 50 mM. 

Rl-B: This was obtained by the addition of Triton X400 (an alkylphenyl group type) to 
lOOmM trishydrochloric acid buffer solution (pH 8.3) containing 80 mM glycyl glycine so that 
the concentrations were 0, 5, 10, 15, 20, 25, 30 and 50 mM, 

R2-A: A substrate solution containing 80 mM glucosyl-a-CD (G-a-CD) and 20 mM 
y-L-glutamyl-p-nitroanilide (y-GpNA) hydrochloride 

R2-B: A substrate solution containing 80 mM glucosyl-p-CD (G-p-CD) and 20 mM 
y-L-glutamyl-p-nitroanilide (y-GpNA) hydrochloride 

♦Operation: 25 of the commercially available serum (a substance with the y-GTP 
activity value of 47 IU/L by the standard method) used in Application Example 1 and 1000 jiL of 
Rl-A were mixed. After heating at 37°C for 5 min, 250 of R2-A were added to initiate the 
reaction. Then the y-GTP activity value was determined by the same operation as in Application 
Example 1. Furthermore, by using Rl-B and R2-B, the y-GTP activity values were determined in 
the same manner as the operation described previously. 

[0018] 

The measured results are shown in Table 2. 
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Table 2 
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Key: 1 Amount of the surfactant (mM) 

2 Ri -A, R2-A Activity value IU/L 

3 Rl -B, R2-B Activity value IU/L 

Footnote 1 : The figure number the parentheses in the table is the final concentration 
during the reaction. The final concentration during the reaction of the CD was 16 mM. 

[0019] 

According to the results of Table 2, the activity value is increased if a nonionic surfactant 
is allowed to be present during the reaction. Preferably, in combination with the CD 
concentration, if a surfactant at a concentration similar to it is allowed to coexist, the 
disadvantage due to the CD addition is negated. 

[0020] 

Effect of the invention 

Since the present invention is constituted in the manner described previously, the 
conventional CD and the CD derivative are used and the poorly soluble substance or the unstable 
substance as the guest is introduced into the measuring system to improve the solubility, During 
the reaction of these substances, by allowing the coexistence of a surfactant, the guest molecules 
can be easily liberated from the CD. A high-activity substrate-reaction solution can be formed in 
situ and the action of said substrate molecules can be exhibited effectively, Furthermore, since 
the inhibition of the reagent's initial absorbance and the hue change derived from the CD 
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addition into the measuring system can cancel each other, out there are effects in the 
improvement of sensitivity and the dynamic range and the improvement in the measurement 
accuracy. 
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Key: 1 Surfactant 

2 Ratio% 

3 Activity value 

4 Control 

5 Sodium caprylate 

6 Brij 35 

7 Tween 20 

8 Polyoxyethylene 

9 Triton XI 00 

10 Triton X405 



Footnote 1 : The ratio in the table represents the ratio with respect to the standard method 
(the activity value of the present method/47 IU). 
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Footnote 2: The figure inside the parentheses of the activity value column represents its 
ratio when the activity value was 100 for no addition. 



